INTRODUCTION
Exposure of unacclimatized man to altitudes above 13,000 ft and rats to altitudes of 25,000 ft is known to produce severe structural and functional changes in the reproductive system (Van Liere & Stickney, 1963) . Early attempts to establish the mechanism responsible for such effects have been unsuccessful. For example, administration of gonadotrophic hormones, vitamin E, short and long term altitude acclimatization have been ineffective 216 Paul D. Altland and Benjamin Highman in ameliorating the testicular changes induced in rats exposed repeatedly to altitudes of 25,000 to 30,000 ft (Gordon, Tornetta, D'Angelo & Charipper, 1943; Saha, 1954;  Dalton, Jones, Peters 8c Mitchell, 1945; Altland, 1949a (Carlile & Cadile, 1966) .
METHODS
Three-month-old male Sprague-Dawley rats were exposed 4 hr daily to 21,500 ft simulated altitude in a well-ventilated cylindrical decompression chamber 9 20 ft maintained at 23 to 25°C. Exercise was provided by a rotating drum with thirty compartments, each holding one rat, as previously described (Altland & Highman, 1961 (Lillie, 1965 (Table 1 ) . Exercise training, before daily exercise at altitude, prevented this loss in the weight of the seminal vesicles during at least the first 14 days. After 28 days there was a slight reduction, but it was less than in untrained rats (P<0-05). Table 2 incidence of testis pathology in rats exposed to 21,500 ft Fig. 2 ). The vacuoles were found as early as 3 days in some rats and with continued exposure their incidence increased until all rats showed them by 14 or more days ( (Oettlé & Harrison, 1952) were not found in the seminal vesicles in these rats. Secondly, large pale fibrillar acellular areas tapering towards the lumen were found in the semini¬ ferous tubules. This lesion is attributed to sloughing of spermatocytes and spermatids into the lumen (PI. 1, Fig. 3 ) and was found occasionally during the first 2 weeks of altitude exposure, but much more frequently after 4 weeks ( Table 2 ). The testicular changes found after 4 hr daily exercise for 14 to 28 days at ground level were minor (Table 2) .
A small number of spermatids with nuclei condensed into hyperchromatic, spherical masses was scattered among the spermatozoa in the caput epididy¬ midis of all rats after as few as three exposures to 21,500 ft. The abnormal cells increased in number after 1 week and occupied as much as one-fourth of the lumen in some portions of the caput epididymidis within 4 weeks (PI. 1, Fig. 4 ). In the caudal epididymis abnormal germinal cells first appeared at 1 week and subsequently increased in number in some rats (Table 2) . (Table 2) .
No differences in the number and histological appearance of interstitial cells were found between rats exposed to altitude only and trained or untrained rats exercised at altitude.
The results of the fertility studies are shown in Table 3 . All but two unexposed control male rats mated successfully (determined by timing litters) during the first 2 weeks with fertile females. No untrained, unexercised rats mated successfully during the first 2 weeks of exposure, but 90% were fertile during the last 2 weeks. Exercise combined with altitude exposure prevented successful mating of untrained rats during the entire 4 weeks of exposure. Ground level exercise training of rats before exercise at altitude enabled 38% of the rats to mate during the 4 weeks of exposure.
The changes in mean haematocrit values are shown in Table 1 . The un¬ trained rats exercised at altitude were slightly anaemic within 1 week, but recovered by 2 weeks. The haematocrit values of exercised rats exposed to altitude never reached the peak level found in unexercised rats exposed to 220 Paul D. Altland and Benjamin Highman altitude. They were significantly higher in trained than in untrained rats at 1 and 2 weeks (P<0-05), but at 4 weeks there was no significant difference.
There was a significant increase in mean adrenal weights in all groups of rats exercised and exposed to altitude ( The failure of any of the untrained rats to mate successfully during the periods between exercise at altitude may be due in some degree to their low seminal vesicle weights, since subnormal secondary sexual organs are generally regarded as detrimental. Recently, however, it has been shown that there was no signifi¬ cant change in the total capacity for sexual activity in rats after the removal of the seminal vesicles (Beach & Wilson, 1963) .
Exercise reduces the altitude tolerance of male rats by about 4000 ft (Altland & Highman, 1962) , and rats are infertile when they are exposed 4 hr daily to 25,000 ft (Altland, 1949a (1943) postulated that in prolonged periods of exposure to hypoxia the effects were exerted directly on endocrine organs such as the thyroid and the testis. However, the possibility of a direct effect upon the trophic mechanism of the pituitary could not be excluded.
The absence of any testicular changes in rats exposed 4 hr daily to 18,000 ft for as long as a year reported previously (Altland, 1949b) and the presence of minor changes found in this study at 21,500 ft, suggest that 21,500 ft is near the critical level for development of pathology. The 02 concentration in the testes has not been determined at this altitude, but the arterial 02 saturation of rats exposed to an 02-N2 mixture equivalent to this altitude is approximately 63% (Altland, Brubach, Parker & Highman, 1967) . It should be noted that there is a species difference in the capacity of the testes to withstand altitude hypoxia. Testes of mice were normal after 1 year of 4-hr daily exposure to 25,000 ft simulated altitude (Altland & Highman, 1951) . Baird & Cook (1962) also found that male mice were highly resistant to altitude hypoxia. They reported that, when male mice were allowed to adapt to the hypoxic environment for 1 to 3 weeks before breeding, then, even under extremely severe conditions of hypoxia, functional impairment of male fertility was not seen. No data are available on the tissue or arterial 02 tensions of mice exposed to altitude.
